INTRODUCTION
Soybean meal (SBM) is the most commonly used plant protein source in swine diets Goerke et al., 2012) . However, SBM may contain antinutritional factors including antigens, trypsin inhibitors, α-galactosides, and lectins, which are unfavorable to younger pigs (Friesen et al., 1993; Mawson et al., 1994; Zhang et al., 2001; Choct et al., 2010) . To avoid providing these antinutritional factors, diets for weanling pigs often contain animal protein sources, which ABSTRACT: An experiment was conducted to determine the apparent ileal digestibility (AID) and the standardized ileal digestibility (SID) of CP and AA in 4 sources of processed soybean products, in conventional dehulled soybean meal (SBM-CV), in conventional 00-rapeseed expellers (RSE), and in a fermented coproduct mixture (FCM) that contained rapeseed meal, wheat, soy molasses, and potato peel fed to weanling pigs. The 4 processed soybean products included 2 sources of enzyme-treated soybean meal (ESBM-1 and ESBM-2), extruded soybean meal, and soy protein concentrate (SPC). Twenty-seven weanling barrows (9.29 ± 0.58 kg initial BW) were surgically equipped with a T-cannula in the distal ileum. Pigs were randomly allotted to three 9 × 5 Youden squares with 9 pigs and five 7-d periods in each square. Seven cornstarch-based diets were prepared using each of the protein sources as the sole source of CP and AA. A N-free diet was prepared to calculate basal endogenous losses of CP and AA, and this diet was fed to 2 groups of pigs, which resulted in a total of 9 dietary treatments. Results indicate that the SID of CP was greater (P < 0.05) in ESBM-1 than in SPC, RSE, or FCM. The SID of Arg, His, Ile, Leu, Met, and Phe were greater (P < 0.05) in ESBM-1 than in SPC, and the SID of Lys was greater (P < 0.05) in SBM-CV than in ESBM-2. The SID of Thr, Trp, Val, and total indispensable AA were not different among the soybean products, but the SID of total dispensable AA in ESBM-1 was greater (P < 0.05) than in SPC. Therefore, the SID of total AA was greater (P < 0.05) in ESBM-1 than in SPC, but no other differences were observed among soybean meal (SBM) products. The SID of most AA in RSE and the SID of all AA in FCM were less (P < 0.05) than in all the SBM products, but the SID of all AA in RSE were greater (P < 0.05) than in FCM. Results of this research indicate that although processing of SBM results in increased concentration of CP, processing may also reduce the digestibility of AA, which is likely due to heat damage during processing. There are, however, differences among processed soy products, with some products having greater SID of AA than others. Results also indicate that fermentation of a mixture of rapeseed meal, wheat, and relatively low quality coproducts does not result in SID values that are similar to those of unfermented 00-rapeseed expellers or soybean products.
are more expensive than SBM. However, SBM can be processed to soy protein concentrate (SPC), fermented SBM, or enzyme-treated SBM, which all have reduced concentrations of antinutritional factors compared with SBM, and processed soybean products are, therefore, more tolerable to young pigs than conventional SBM (Lenehan et al., 2007; Jones et al., 2010; Kim et al., 2010) .
Rapeseeds that are low in erucic acid and glucosinolates are referred to as 00-rapeseeds, and 00-rapeseed meal and 00-rapeseed expellers are the coproducts produced from 00-rapeseeds (Maison and Stein, 2014) . Because of a relatively high concentration of fiber and residual glucosinolates, these ingredients are usually included in diets for weanling pigs at relatively low concentrations, but it is possible that fermentation of rapeseed products together with other coproducts may improve the nutritional value. If that is the case, it is possible that a fermented coproduct may be used as a source of AA in diets for weanling pigs, but research to demonstrate this effect is lacking. Therefore, the objective of this experiment was to determine the apparent ileal digestibility (AID) and the standardized ileal digestibility (SID) of CP and AA by weanling pigs in 4 sources of processed soybean products, in conventional dehulled SBM (SBM-CV), in conventional 00-rapeseed expellers (RSE), and in a fermented coproduct mixture (FCM) that contained rapeseed meal, wheat, soy molasses, and potato peel.
MATERIALS AND METHODS
The Institutional Animal Care and Use Committee at the University of Illinois reviewed and approved the protocol for this experiment. The pigs used in the experiment were the offspring of G-Performer boars mated to Fertilis 25 females (Genetiporc USA LLC, Alexandria, MN). Ingredients used in the experiment (Table 1) included 2 sources of enzyme-treated SBM (ESBM-1; Hamlet Protein Inc., Horsens, Denmark) and (ESBM-2; Dansk Vilomix Inc., Mørke, Denmark), extruded SBM (SBM-EX) that was subsequently treated with an enzyme preparation (Agro Korn Inc., Videbaek, Denmark), SPC (IMCOPA, Paraná, Brazil), SBM-CV that was sourced from Brazil, RSE (The Protein and Oilfabric Scanola Inc., Aarhus, Denmark), and FCM (European Protein Inc., Baekke, Denmark).
Collection of Ingredients
Four samples of each ingredient were collected by the Danish Pig Research Centre at local swine production units or at feed mills in Denmark. Samples were collected from October 2012 to February 2013 to ensure that the ingredients used in the experiment represented different production batches. The 4 samples of each ingredient were thoroughly mixed and then divided using a riffle type divider (Rationel Kornservice Inc., Esbjerg, Denmark), and a representative subsample was collected and used in the experiment. Therefore, all ingredients were from commercial sources but were not collected directly from the manufacturer.
Diets, Animals, Housing, and Experimental Design
Eight diets were prepared (Tables 2 and 3 ). Seven diets contained 1 of the 7 AA containing ingredients (i.e., ESBM-1, ESBM-2, SBM-EX, SPC, SBM-CV, RSE, or FCM) as the sole source of AA. A N-free diet was also prepared and used to calculate basal endogenous losses of CP and AA. Vitamins and minerals were included in all diets to meet or exceed requirement estimates (NRC, 2012) . Each diet also contained 0.4% chromic oxide as an indigestible marker. No antibiotic growth promoters were used in the diets.
Twenty-seven barrows were weaned at approximately 21 d of age and fed a starter diet containing 20% SBM-CV for 2 wk after weaning. Pigs were then surgically equipped with a T-cannula in the distal ileum using procedures adapted from Stein et al. (1998) when they had an average BW of 9.29 ± 0.58 kg. Following the surgery, pigs were allowed 5 d for recovery and then randomly allotted to three 9 × 5 Youden squares with 9 pigs and 5 periods in each square. Within each square, 2 pigs were assigned to the N-free diet and 1 pig was assigned to each of the remaining diets. As a consequence, there were a total of 15 replications for all the AA-containing diets and 30 replications for the N-free diet. Pigs were housed in individual pens (1.2 by 1.5 m) that had smooth side panels and fully slatted tri-bar stainless steel floors in an environmentally controlled room, and each pen was equipped with a feeder and a nipple drinker.
All pigs were fed at a daily level of 3 times the estimated maintenance energy requirement (i.e., 197 kcal ME/kg 0.60 ; NRC, 2012) throughout the experiment. Daily allotments of feed were divided into 2 equal meals that were provided at 0700 and 1600 h. Pigs had free access to water throughout the experiment.
Data Recording and Sample Collection
Pig weights were recorded at the beginning of each period and at the conclusion of the experiment. The amount of feed supplied each day was also recorded. The initial 5 d of each period was considered an adaptation period to the diet. Ileal digesta were collected for 8 h on d 6 and 7 as explained by Stein et al. (1999) . In short, a plastic bag was attached to the cannula barrel and digesta flowing into the bag was collected. Bags were removed whenever they were filled with digesta, or at least once every 30 min, and stored at −20°C to prevent bacterial degradation of the AA in the digesta. On the completion of one experimental period, animals were deprived of feed overnight, and the following morning, a new experimental diet was offered.
Chemical Analysis
At the conclusion of the experiment, ileal samples were thawed and mixed within animal and diet, and a subsample was collected for chemical analysis. Samples Table 1 . Analyzed nutrient composition of 2 sources of enzyme-treated soybean meal, extruded soybean meal, soy protein concentrate, conventional dehulled soybean meal, conventional 00-rapeseed expellers, and a fermented coproduct mixture containing fermented 00-rapeseed meal, wheat, soy molasses, and potato peel, as-fed basis , 2007) . Diet and ingredient samples were also analyzed for ADF (method 973.18; AOAC, 2007) and NDF (Holst, 1973) . Ingredients were also analyzed for Ca and P (method 975.03; AOAC, 2007), and concentration of acid hydrolyzed ether extract (AEE) was measured in all ingredients by acid hydrolysis using 3 N HCl (Sanderson, 1986) followed by crude fat extraction using petroleum ether (method 2003.06; AOAC, 2007) on an automated analyzer (Soxtec 2050; FOSS North America, Eden Prairie, MN). All ingredient samples were analyzed for trypsin inhibitor activity (method Ba Table 2 . Ingredient composition of experimental diets containing enzyme-treated soybean meal, extruded soybean meal, soy protein concentrate, conventional dehulled soybean meal, conventional 00-rapeseed expellers, and a fermented coproduct mixture containing fermented 00-rapeseed meal, wheat, soy molasses, and potato peel, as-fed basis 12-75; AOCS, 2006) and for sucrose, stachyose, and raffinose (Janauer and Englmaier, 1978) , and RSE and FCM were also analyzed for glucosinolates (method Ak 1-92; AOCS, 1998). Diets and ingredients were analyzed for GE using a bomb calorimeter (model 6300; Parr Instrument Co., Moline, IL) with benzoic acid being the internal standard.
Calculations and Statistical Analysis
Apparent ileal digestibility values for ash and OM in all diets and of CP and AA in the 7 CP-containing diets were calculated. Values for the AID of ash and OM represent the AID for the diet, but because the soybean products, RSE, or FCM contributed all CP and AA to the diets, the AID of CP and AA for the diets also represent the AID of CP and AA for each ingredient. Equation 
in which AID is the apparent ileal digestibility value of an AA (%), AA d is the concentration of that AA in the ileal digesta DM, AA f is the AA concentration of that AA in the feed DM, Cr f is the chromium concentration in the feed DM, and Cr d is the chromium concentration in the ileal digesta DM. The AID of ash, CP, and OM was also calculated using this equation.
The basal endogenous flow to the distal ileum of each AA was determined based on the flow obtained after feeding the N-free diet using Eq. [2] (Stein et al., 2007) :
in which IAA end is the basal endogenous loss of an AA (mg/kg DMI). The basal endogenous loss of CP was determined using the same equation. (Stein et al., 2007) :
in which SID is the standardized ileal digestibility value (%). The SID of CP was also calculated using this equation. Normality of data was verified and outliers were identified using the UNIVARIATE procedure (SAS Inst. Inc., Cary, NC). An observation was considered an outlier if the value was more than 3 SD away from the grand mean. Data were analyzed by ANOVA using the PROC MIXED of SAS in a randomized complete block design with the pig as the experimental unit. The statistical model included diet as the fixed effect and pig and period as random effects. When diet was a significant source of variation, treatment means were separated and compared using the LSMEANS statement and Bonferroni correction in PROC MIXED. Statistical significance and tendency were considered at P < 0.05 and 0.05 ≤ P < 0.10, respectively.
RESULTS
The final BW of pigs was 19.53 ± 2.74 kg. The analyzed concentration of CP in the SBM products ranged from 47.81 to 62.05%, and RSE and FCM contained 30.13 and 32.00% CP, respectively. The SBM products contained 4,140 to 4,555 kcal/kg GE, 0.29 to 0.33% Ca, 0.60 to 0.73% P, 0.70 to 1.81% AEE, 7.76 to 19.69% NDF, and 4.85 to 10.26% ADF. However, RSE and FCM contained 4,533 and 4,154 kcal/kg GE, 0.78 and 0.66% Ca, 0.96 and 0.91% P, 10.22 and 4.31% AEE, 24.54 and 22.88% NDF, and 19.93 and 14.81% ADF, respectively. The trypsin inhibitor activity in the SBM products ranged from 1.60 to 2.70 trypsin inhibitor units (TIU)/mg, and there was 1.40 TIU/mg in RSE but less than 1.00 TIU/mg in FCM. The concentrations of glucosinolates were 16.11 μmol/g in RSE and 2.77 μmol/g in FCM. The SBM products contained 0.06 to 6.29% sucrose, 0.18 to 4.88% stachyose, and 0.04 to 0.93% raffinose, whereas RSE and FCM contained 6.04 and 1.46% sucrose, 1.65 and 1.15% stachyose, and 0.34 and 0.28% raffinose, respectively. The SBM products contained 21.28 to 28.03% indispensable AA and 24.24 to 31.87% dispensable AA, whereas RSE and FCM contained 12.36 and 12.55% indispensable AA, respectively, and 13.67 and 14.93% dispensable AA, respectively.
Among the diets containing SBM products, the AID of ash in the SBM-CV diet was greater (P < 0.05) than in the ESBM-1 diet, the ESBM-2 diet, and the SBM-EX diet but not different from the SPC diet (Table 4) . No difference was observed in the AID of OM among diets containing SBM products, except that the SPC diet had greater (P < 0.05) AID of OM than the ESBM-2 diet. No differences were observed in the AID of ash and OM between the RSE diet and the FCM diet. The N-free diet had greater (P < 0.05) AID of ash than the SBM-EX diet, the RSE diet, and the FCM diet and had greater (P < 0.05) AID of OM than all other diets.
Among the SBM products, the AID and SID of CP in ESBM-1 was greater (P < 0.05) than in SPC, but not different from ESBM-2, SBM-EX, and SBM-CV (Tables 5 and 6 ). No differences were observed in AID or SID of CP among ESBM-2, SBM-EX, SPC, and SBM-CV. The AID and SID of CP in the 2 rapeseed products was less (P < 0.05) than in all SBM products, except that no difference was observed in the SID of CP among ESBM-2, SPC, and RSE. However, the AID and SID of CP were greater (P < 0.05) in RSE than in FCM.
Among the SBM products, ESBM-1 had greater (P < 0.05) AID of Arg, His, Ile, Leu, Met, Phe, and Trp than SPC, greater (P < 0.05) AID of Arg, Thr, and Val than ESBM-2, and greater (P < 0.05) AID of Val than SBM-EX. The AID of Lys was greater (P < 0.05) in SBM-CV than in ESBM-2 but not different from the other SBM products. Therefore, the AID of total indispensable AA was greater (P < 0.05) in ESBM-1 than Table 4 . Apparent ileal digestibility (AID) of ash and OM in diets containing enzyme-treated soybean meal, extruded soybean meal, soy protein concentrate, conventional dehulled soybean meal, conventional 00-rapeseed expellers, a fermented coproduct mixture containing fermented 00-rapeseed meal, wheat, soy molasses, and potato peel, and a N-free diet fed to pigs 1 Item, % a-e Means within a row with different superscripts differ (P < 0.05).
in ESBM-2, but no differences were observed among the other SBM products. The AID of all indispensable AA was less (P < 0.05) in FCM than in all SBM products, and the AID of all AA in RSE was also less (P < 0.05) than in ESBM-1 and SBM-CV, and the AID of most AA in RSE was less (P < 0.05) than in ESBM-2, SBM-EX, and SPC. The AID of all indispensable AA was greater (P < 0.05) in RSE than in FCM. Among the SBM products, the AID of Ala was greater (P < 0.05) in ESBM-1 than in SPC, the AID of Cys was greater (P < 0.05) in SBM-CV than in ESBM-2, the AID of Pro was greater (P < 0.05) in ESBM-1 and SBM-CV than in SPC, and the AID of total dispensable AA was greater (P < 0.05) in ESBM-1 than in ESBM-2 and SPC. The AID of Ala, Glu, and total dispensable AA was less (P < 0.05) in RSE than in ESBM-2 and SPC, and the AID of Asp, Ser, and Tyr was less (P < 0.05) in RSE than in all SBM products. The AID of all dispensable AA was also less (P < 0.05) in FCM than in RSE and in all SBM products. The AID of total AA was greater (P < 0.05) in ESBM-1 than in SPC, but no difference was observed in the AID of total AA among the other SBM products. The AID of total AA was less (P < 0.05) in the 2 rapeseed products than in all SBM products, except that the AID of total AA was not different between RSE and SPC. However, the AID of total AA was greater (P < 0.05) in RSE than in FCM.
Among the SBM products, ESBM-1 had greater (P < 0.05) SID of Arg, His, Ile, Leu, Met, and Phe than SPC and the SID of Lys was greater (P < 0.05) in SBM-CV than in ESBM-2, but no other differences were observed among the SBM products. Therefore, no differences were observed in the SID of total indispensable AA among the SBM products. The SID of most indispensable AA was less (P < 0.05) in RSE than in the SBM products, with the exception that the SID of Arg, His, Lys, Met, and Trp in ESBM-2, the SID of His, Met, and Trp in SBM-EX, the SID of Arg, His, Leu, Met, and Trp in SPC, and the SID of His and Trp in SBM-CV were not different from the SID of these AA in RSE. However, the SID of total indispensable AA was less (P < 0.05) in RSE than in all SBM products. The SID of all indispensable AA was also less (P < 0.05) in FCM than in RSE and all SBM products. Table 5 . Apparent ileal digestibility of CP and AA in enzyme-treated soybean meal, extruded soybean meal, soy protein concentrate, conventional dehulled soybean meal, conventional 00-rapeseed expellers, and a fermented coproduct mixture containing fermented 00-rapeseed meal, wheat, soy molasses, and potato peel fed to pigs 1 Item, % Among the SBM products, the SID of Ala was greater (P < 0.05) in ESBM-1 than in SPC, the SID of Cys was greater (P < 0.05) in SBM-CV than in ESBM-2, and the SID of Pro was greater (P < 0.05) in ESBM-1, SBM-EX, and SBM-CV than in SPC, but no other differences were observed among the SBM products. However, the SID of total dispensable AA was greater (P < 0.05) in ESBM-1 than in SPC but not different from other SBM products. Compared with the SBM products, RSE had less (P < 0.05) SID of Ala than ESBM-1, less (P < 0.05) SID of Cys than SBM-CV, and less (P < 0.05) SID of Asp, Ser, and Tyr than all SBM products, but the SID of total dispensable AA in RSE was not different from the SBM products. However, the SID of all dispensable AA in FCM was less (P < 0.05) than in RSE and all the SBM products. The SID of total AA was greater (P < 0.05) in ESBM-1 than in SPC and RSE, and FCM had the least (P < 0.05) SID of total AA among all ingredients.
DISCUSSION

Nutritional Characteristics of Ingredients
The chemical composition of SBM-CV was close to expected values (Goebel and Stein, 2011; NRC, 2012; Rojas and Stein, 2013) , except for concentrations of sucrose, stachyose, and raffinose, which were less than previously reported. In contrast, concentrations of ADF and NDF were slightly greater than values reported by the NRC (2012) but in good agreement with those reported by Rojas and Stein (2013) and less than values reported by Goebel and Stein (2011) .
The chemical composition of ESBM-1 was similar to what was reported by Goebel and Stein (2011) , except for concentrations of sucrose, stachyose, and raffinose, which were less than previously observed. However, the concentrations of CP and indispensable AA in ESBM-1 were less than the concentrations reported by Yang et al. (2007) . Table 6 . Standardized ileal digestibility of CP and AA in enzyme-treated soybean meal, extruded soybean meal, soy protein concentrate, conventional dehulled soybean meal, conventional 00-rapeseed expellers, and a fermented coproduct mixture containing fermented 00-rapeseed meal, wheat, soy molasses, and potato peel fed to pigs 1,2 Item, % Concentrations of CP and AA in ESBM-2 were in agreement with values for fermented soybean meal that were reported by Cervantes-Pahm and and Rojas and Stein (2013) , but concentrations of sucrose, stachyose, and raffinose in ESBM-2 were greater than the values reported by Rojas and Stein (2013) . This indicates that the process used to produce ESBM-2 was not completely efficient in removing the α-galactosides from the product, which may be a result of different fermentation and incubation conditions. This observation implies that there are differences among different types of enzymetreated soybean meal (ESBM) and that some sources are better suited to be used in diets for young pigs than others.
Concentrations of CP and AA in SBM-EX were close to those determined in ESBM-2, but unlike ESBM-2, SBM-EX is produced by extrusion of dehulled soybean meal with a subsequent enzyme treatment. Concentrations of sucrose, stachyose, and raffinose in SBM-EX were greater than the values reported by Rojas and Stein (2013) for fermented soybean meal, which is likely because SBM-EX was not fermented.
Concentrations of CP and most indispensable AA in SPC were similar to the values for SPC reported by Yang et al. (2007) and Casas et al. (2017) but less than the values reported by Lenehan et al. (2007) and the NRC (2012). This may have been a result of different sources of SBM used during the production of the products. However, the very high concentrations of ADF and NDF in SPC indicate that soy hulls may have been added to this ingredient, which resulted in a reduction in the concentration of CP. It therefore appears that the SPC used in this experiment was somewhat different from traditional sources of SPC. However, working with a different source of SPC from Brazil, much greater concentrations of ADF and NDF compared with those published by the NRC (2012) were recently reported (Casas et al., 2017) , indicating that the high concentration of ADF and NDF and the lower concentration of CP may be a characteristic of Brazilian SPC. If indeed that is the case, this implies that SPC from Brazil has a different nutritional value than SPC produced in the United States.
The composition of the RSE was in agreement with expected values, and to our knowledge, no values for the composition of the FCM product in this experiment used have been published. It was, however, surprising that there was sucrose in the FCM product, because sucrose is easily fermented and the fact that sucrose was analyzed in this ingredient may indicate that the fermentation process was not complete.
Ileal Digestibility of Ash and OM
The greater AID of OM in the N-free diet than in any of the other diets was expected because of the low concentration of fiber in the N-free diet. The lack of a difference in the digestibility of OM among the diets containing ESBM-1, ESBM-2, and SBM-EX also was expected because the inclusion rate of soybean products was similar in these diets and results, therefore, indicate that the AID of the digestible nutrients in these 3 ingredients is not different. The observation that the AID of OM in the SPC diet was greater than in the ESBM-2 diet is likely a consequence of the increased concentration of cornstarch in the diet containing SPC compared with the diet containing ESBM-2. However, the AID of OM in the diet containing SBM-CV was expected to be less than in the diets containing the other soybean products because of the reduced inclusion of cornstarch in this diet, but the observation that this was not the case indicates that the AID of nutrients in SBM-CV per se may be greater than in the other soybean products. However, the design of the experiment did not allow us to determine the actual AID of OM in the ingredients.
The reduced AID of OM in the diets containing RSE and FCM compared with all other diets mainly reflects the increased fiber concentration in these diets. The inclusion of cornstarch, sucrose, and soybean oil was similar to the inclusion in the diet containing SBM-CV, so the reduced AID of OM in the diets containing RSE or FCM indicate that the AID of OM in RSE and FCM is less than in SBM-CV.
The majority of the ash in all diets was from the minerals that were added to the diets, but between 30 and 45% of the ash in the diets originated from the ash in the protein-containing ingredients. The AID of ash that were calculated for the diets containing ESBM-1, ESBM-2, SBM-EX, or SPC is close to values reported for a cornsoybean meal diet fed to growing-finishing pigs (Urriola and Stein, 2012) . However, the observation that the AID of ash in diets containing ESBM-1, ESBM-2, or SBM-EX was less than in the diet containing SBM-CV indicates that the ash fraction in these ingredients may have become less digestible due to the processing. It is also possible that the secretion of minerals into the intestinal tract was greater when diets containing some ingredients vs. other ingredients were provided, because the type of fiber in an ingredient influences the endogenous secretions of minerals into the digestive tract (Urriola and Stein, 2012) . In this experiment, however, it was not possible to distinguish between minerals in the ileal digesta of endogenous origin and of dietary origin.
Ileal Digestibility of Amino Acids
Values for AID and SID of CP and AA for SBM-CV concur with previous estimates (Smiricky et al., 2002; Baker et al., 2010; NRC, 2012) but were slightly greater than the values reported by Urbaityte et al. (2009) and Cervantes-Pahm and Stein (2010) . Therefore, the present values are within the range of previously reported values and the source of SBM-CV used in this experiment can be considered a normal source of dehulled SBM.
Values for the AID and SID of AA in ESBM-1 that were obtained in this experiment are very close to or slightly greater than previous values reported for this ingredient (Cervantes-Pahm and Stein, 2010; NRC, 2012) . The fact that the SID of most AA in ESBM-1 was not different from values observed in SBM-CV is also in agreement with previous observations.
To our knowledge, no values for AID and SID of CP and AA in ESBM-2 have previously been reported. The observation that the SID of some AA is less in ESBM-2 than in ESBM-1 indicates that the enzyme treatment or the process used to produce ESBM-2 is less efficient in maintaining high AA digestibility compared with the process used to produce ESBM-1. Specifically, the low SID of Lys in ESBM-2 indicates that the heating applied during drying of this product is more severe compared with that used to dry ESBM-1. The fact that the Lys:CP ratio was less for ESBM-2 than for the other soy proteins except for SBM-EX further indicates that this product may have been subjected to stronger heating, because the Lys:CP ratio is an indication of heat damage in soy proteins (González-Vega et al., 2011) . In most feed ingredients, the SID of Thr is the least among the indispensable AA because of relatively high concentrations of Thr in the endogenous protein that is lost at the end of the distal ileum. However, for ESBM-2, the SID of Lys was the least among the indispensable AA, which further indicates that this ingredient may have been overheated. Therefore, when purchasing ESBM, it is important to make sure that a product that has been sufficiently incubated with enzymes to hydrolyze the α-galactosides is secured and that the product has not been overheated during drying. This is important because it has been clearly demonstrated that α-galactosides in soy products have a negative impact on growth performance and intestinal health of weanling pigs (Zhang et al., 2001) . For manufacturers of ESBM, it is important that quality controls to determine concentrations of residual α-galactosides are in place to avoid selling products that have been insufficiently processed and, therefore, will have a negative impact on pig growth performance. In addition, procedures to monitor heating during drying are needed to ensure that overheating, which reduces SID of AA is avoided.
We are not aware of previous data for the SID of AA in SBM-EX, but the current data indicate that the extrusion process used to produce SBM-EX does not change the SID of AA compared with SBM-CV. The exception to this is that the SID for Lys is less in SBM-EX than in SBM-CV, which is likely a result of overheating this product during the extrusion process, because the Lys:CP ratio for SBM-EX was the least among all soy proteins. The implication of this observation is similar to that described for ESBM in that the quality of SBM-EX can be evaluated based on the Lys:CP ratio to make sure overheating has not caused reduced SID of AA.
There are also no values for AID and SID of CP and AA reported for the specific SPC that was used in this experiment. However, values observed in this experiment for SPC are less than the values reported by Smiricky et al. (2002) and by Cervantes-Pahm and Stein (2008) , but the latter 2 experiments were conducted with growing pigs rather than weanling pigs. However, Urbaityte et al. (2009) and Casas et al. (2017) determined SID of AA in different sources of SPC using weanling pigs and reported values that were slightly greater than the values observed in this experiment. It is generally assumed that SID values for AA in SPC are greater than in SBM-CV because many of the carbohydrates and fibers have been removed during production of SPC. In previous experiments in which SID values for AA have been compared between SPC and SBM-CV, values for SPC were greater than for SBM-CV (Cervantes-Pahm and Urbaityte et al., 2009; Casas et al., 2017) . However, in the present experiment, SID values for SPC were not greater than those in SBM-CV, which indicates that the production processes used to produce the SPC used in this experiment are less efficient in improving AA digestibility compared with what has been observed in previous research. It is also surprising that concentrations of ADF and NDF in SPC are twice as high as in SBM-CV and some of the other soy proteins used in this experiment. Usually, concentrations of ADF and NDF or crude fiber are comparable to or less than in SBM-CV (CervantesPahm and Urbaityte et al., 2009; NRC, 2012) . It is, therefore, likely that soy hulls or another source of fiber was added during the production process of SPC, which make this ingredient different from traditional SPC, and this may also have contributed to the reduced SID of AA in the SPC used in this experiment. As a consequence, and as discussed above, it appears that SPC produced in Brazil may have a different nutritional value than SPC from the United States. It will, therefore, be important for buyers of SPC to know the origin and the nutritional quality of the product they are purchasing.
The values for AID and SID of CP and AA in RSE are greater than values reported in previous experiments (Woyengo et al., 2010; NRC, 2012) , which indicates that the RSE used in this experiment was of high quality although the concentration of CP was less than previously observed (NRC, 2012; Maison and Stein, 2014) . Therefore, the present results indicate that weanling pigs have a relatively good digestibility of AA in RSE.
The AID and SID of CP and AA in FCM were less than in all other ingredients, but based on currently available information, it is not possible to determine the reason for these low values. It is likely that because wheat, soy molasses, and potato peel are used in the production of FCM, the increased concentration of fiber has reduced the digestibility of AA. In addition, the extremely low digestibility of Lys in FCM indicates that this product may have been overheated during processing or that Lys possibly was fermented during the fermentation process. The observation that the SID of Lys was less than the SID of Thr is a further indication that the FCM product used in this experiment was overheated. The low AID for OM also indicates that some of the ingredients used in the production of FCM may have had low digestibility. Based on the data obtained in this experiment, it is concluded that because of the low AID and SID of CP and AA in FCM, use of FCM in diets fed to weanling pigs will result in more nitrogen being excreted from the pigs than if the other ingredients tested in this experiment are used.
Conclusions
Results of this research indicate that although processing of soybeans may improve the nutritional value, this is not always the case, and processing may sometimes result in reduced AA digestibility due to overheating. It is also evident that differences among different brands of the same products such as ESBM or SPC may exist, and specifically, there appears to be differences in concentrations of α-galactosides and ADF and NDF, which directly impacts the nutritional value of these ingredients. In addition, for all processed feed ingredients, there is a risk of overheating during drying, which will result in a reduced concentration of Lys and reduced Lys digestibility. As a consequence, producers of all processed feed ingredients should have quality procedures in place that ensure overheating is avoided, and purchasers of processed feed ingredients need to have tools available that allow them to determine if the product they are purchasing has been overheated. Results also indicate that fermentation of a mixture of rapeseed meal, wheat, and relatively low quality coproducts does not result in AID and SID values that are similar to those of unfermented 00-rapeseed expellers or soybean products, and based on the results of this experiment, usage of this ingredient in diets for weanling pigs cannot be recommended.
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